Transformerless inverters technology in photovoltaic systems offers many advantages, but there are some safety issues due to the solar panel parasitic capacitance. The parasitic capacitance value depends on many factors such as PV panels and frame structure, surface of the cells, distance between the cells, module frame, weather conditions (e.g., humidity) and the amount of dust covering the PV panel. Harsh climate like the one in the Central Queensland region is characterized by high temperature, high relative humidity. Due to the region's high dew point, high humidity and heavy rain during the wet season, the water condensed over the PV array surface will affect the stray capacitance significantly and consequently, the system leakage current. Human safety in PV system is a key issue, which must be addressed when this technology is applied. Protection against electrical shock is essential while deploying such systems to avoid injury or loss of life. Furthermore, PV insulation varies with meteorological conditions such as, temperatures, humidity. Therefore, the protective circuit should have the capability to adapt to any changes in metrological variables. This paper explorers the effect of meteorological changes on the insulation parameters and leakage capacitance and design a tools for protection.
Introduction
In order to PV systems to be applied to a larger scale, there is a need for protection against electrical shock. In order for this to be achieved, there is a need to understand the electrical behavior of PVG insulation, and how this performs under different conditions. The following three main aspects need to be evaluated. First, the PVG insulation measurement is made in either open circuit or short circuit. Secondly, measurement of the leakage current in earthed PVGs and finally the response of the PVG under faulty or hazardous operating conditions [1] . In addition, given that the PVG insulation behaves differently under different meteorological conditions, the operating capacity for the protective devices needs to operate under all weather conditions. The operating capacity therefore means the point of such devices such that they are compatible with nay changes in the control variables dependent in PVG insulation [2] [1] [3] . In this case, there is a need to analyze and verify the operating capacity based on the characterization of the meteorological variables that affect the control variables. This helps to determine the worst variables. For a floating PVG, these control variables are the insulation resistance, leakage current and leakage capacitance [2] .
It is vital how human safety can influence by the electrical behavior of PVG insulation. There is therefore the need to characterize the meteorological variables that influence the PVG insulation and leakage capacitance. With the development of the Tri-power transformer-less inverters, there have been particular improvements in the avenues of price and efficiency [4] . With efficiency being the decentralized inverter configuration represents a technically sensible and a very cost-effective system solution, and it clearly stands out in comparison with centralized structures due to several key advantages.
• Flexibly and highly efficient .
• Flexible and optimal configuration for every inverter.
• Local MPP-Tracking for a given number of modules.
• Reduced count of mismatches and losses caused by shading and insulation.
• Simple installation.
• Low system and maintenance cost.
• It is possible to expand the modules.
Note that the key issue is how the weather changes affect ground capacitance, leakage current and insulation resistance. A PV module produces an electrically charged area, that faces a frame that is grounded (Jesus, 2007) [5] [6] . A configuration that stores charge when a voltage is applied is termed as a capacitor. Since the occurrence of this capacitance is an undesirable side-effect, it is referred to as parasitic capacitance.
Electrical insulation of PV generators
In order to design an effective protection circuit against electric shock in photovoltaic generators, it is important to understand the electrical characteristics of the PV generator insulation and its response under different conditions. The insulation system is usually designed to insulate the electrical circuit from the external environment, which helps to minimize hazards to the public. In addition, the protection module enhances the performance of the electrical circuit and also helps to guarantee its reliability [2] . This insulation can range from a few kilo-ohms to thousands of ohms depending on the meteorological conditions as well as the insulation characteristics. The insulation serves two main purposes. First, it ensures that the live hazardous parts of the photovoltaic generator are not exposed, and secondly, the exposed conductive parts are not live when the operating conditions are hazardous in nature, the insulation resistance reduces significantly [1] [7] . This shows that there is a need to have an active protective measure against electric shock resulting from faulty operating conditions [2] [8] . For example, a protective device may be used to exposed conductive parts are not live when the operating conditions are hazardous in nature, the insulation resistance reduces significantly [1] [7] . For example, a protective device may be used to monitor a given control variable such that when the variable drops below a given value, the floating photovoltaic generator is disabled. The lowest photovoltaic generator insulation resistance conditions are used to set the minimum conditions for the variable and these conditions the level of protection in the floating photovoltaic generator systems [1] .
Due to the lack of insulations measurements for the photovoltaic generators, it is difficult to understand the compatibility between the lowest values and the set point in advance. Electrical insulation also plays an important role in improving the reliability of a photovoltaic generator. This is because the leakage current that occurs in photovoltaic module leads to several degrading effects, commonly termed as electrochemical corrosion. Such leakages are usually as a result of high-voltage bias that exists between the frames and the cells.
In general, electrochemical corrosion causes the series resistance of the photovoltaic cell to increase, and at the same time causing the shunt resistance to decrease [1] [7] [5]. 
Results and discussion
The data was collected and analysed on hourly basis for one week (168 hrs) and variation of the leakage current, insulation resistance and leakage capacitance were studied. (9) . There was sharp drop in the value of the leakage currents corresponding to the applied biases early in the morning just after sunrise when the temperature start increasing and a sharp rise in the leakage current when the temperature start decreasing in the evening just before sunset. The sharp drop and sharp rise in the leakage current value occur to the sharp drop and sharp rise in the relative humidity and temperature. The relative humidity itself is proportional to the ambient temperature. The module temperatures during the night time were low, hence the relative humidity was very and consequently the leakage currents values were high. Just after the sunrise the module temperature starts increasing and relative humidity values start decreasing. Hence there is a sharp drop in the leakage currents values. In the afternoon time, the leakage current value was the lowest value because the modules temperature was high and made the module itself hot and thereby vaporize the moisture or the water that cover the module. At the end of the day just before the sunset there is a sharp decrease in the temperature and sharp increase in the relative humidity leading to a sharp rise in the leakage current values. During the day from sunrise to sunset the leakage currents values varied depending on the weather conditions variation for a specific day. From the data collected it is clearly evident that the metrological variables and the variations of the weather affected the values of leakage currents, insulation resistance and capacitance value. Its obviously that humidity play a key role in the leakage currents value. On sunny day the leakage currents value dropped sharply. This is due to the increase in temperature and reduction in relative humidity of the weather.
When designing a PV plant there are specific criteria that needs to be considered, they include areas of inverter topology, module technology and configuration so as to avoid negative results and interactions [1] [6] . With help of a specific program, an optimal plant can be configured and together rapidly and simply. Specific Software is therefore needed to deliver data for an economic evaluation along with the technical inspection of the various components. Weather data should be made available for these calculations so that problems in future that are weather related can be avoided. Below are the physical and electro-technical factors that are taken to account in order to ensure optimal and fault-free functioning.
Insulation Resistance
When transformer-less inverters are being used, it is important to observe certain threshold values for the insulating resistance of the whole plant. Note that every PV plant exhibits a totally different potential with respect to the ground. The leakage current developed here under certain conditions -such as by bad insulation should not be allowed to be a hazard, which is the sole purpose why transformer-less inverters measure the insulating resistance before there is any grid connection. However, continuous measurement is not possible during operation with this type of inverter because of lack of galvanic isolation. Note that for transformer-less inverters the recommended insulation resistance is dependent on the maximum input voltage of the inverter [9] [10]. When designing the PV plant and the number of modules per inverter has been configured, it is crucial to observe the inter-relations with respect to the insulation resistance, if this is not observed the danger that the inverters can reject the grid connection is inevitable because of an insulation resistance that is too low. Photovoltaic plants with transformer-less inverters are not usually isolated from the grid in feed-in operation. Electrical standards dictate insulation resistance must not exceed a certain threshold before grid connection [3] . But it is important to note that resistance is adversely affected by temperature. The set threshold for PV plants is based on established installation specifications for example 1 k Ω /V. With the increase in the sizes of PV plants, the insulation resistance has reduced significantly as a result of the necessecity for larger generator area and the parallel switching of many PV modules. This can result to the inverter not being able to connect to the grid due to the insulation resistance of the entire PV plant being too low. For identical PV modules, the insulation resistance can be calculated from equation (1) Where R m is the insulation resistance for each module and n is the number of module.
Usually, PV modules are connected together in series on a panel to form a PV array .The equivalent circuit of the PV module solar cell circuit is shown in figure(1) which consist of an ideal current source, a diode connected in parallel with the current source, series resistor and parallel or shunt resistance [7] [5] . The output current of each PV module is calculated as follows:
Where I : the cell output current, I L :the light generated current, V :the voltage across the cell terminals, T : the temperature, q and k are constat, n is the ideality factor, and R S is the cell series resistance, R SH , the parallel resistance . The main effect of series resistance in the solar module is to reduce the fill factor and reduce the short-circuit current. On the hand, the presence of shunt resistance can cause power losses especially for low value.
The equivalent electrical circuit for the PV generator shown in figure1, which consist of leakage capacitance C lek , series resistance R s and parallel resistance R p.. where m is the number of strings of the PV system and n is the number of PV modules in the series of a string.
The insulation resistance with leakage capacitance will form RC circuit .The time constant τ for the RC circuit is calculated from equation 5 [1] .
eakage Capacitance L
The capacitance value is calculated using a equation 6 and its dependent on four factors [1] : In addition to the abovementioned factors, metrological variables such as temperature, humidity and wind speed can also play a role. For example, water cover the surface of the module can increase the effective surface area significantly and consequently increase the value of the capacitance.
The variation of capacitance with temperature can be calculated from equation 7 : )]
where α =700*10 -6 While the variation of the capacitance with humidity can be calculated from equation 8 .
where β is the sensitivity of the capacitor per 1% RH ,β=.1µF/1%RH. The PV module is usually connected to the alternating current grid through an inverter during operation. This means that depending on the type of device, a part of the alternating voltage amplitude reaches at the PV module. The voltage within the PV module fluctuates at a socalled ripple of just a few volts.
However, due to weather changes, a stray capacitance is developed and this causes the voltage to fluctuate [11] . This results in the development of leakage current which is a reactive current and it has a phase shift of 90° to the line voltage. Differential current can be found by summing the leakage current and residual current. • For In-roof glass-glass module with aluminium frames with module of a surface area of 1 m² and 0.01 m plate separation. The parasitic capacitance of a module to ground is therefore approx. 5 nF. When we use 50KW with 400m 2 , the capacitance value come to 2µF.
• For Thin-film module on flexible substrate with module surface area of 1 m² and 0.001 m plate separation. The parasitic capacitance of a module to ground is therefore approx. 50 nF. When we use 50KW with 400m 2 ,the capacitance value come to 20µF.
eakage Currents L
Because of its construction the transformer-less inverter tends to mix an AC voltage on the DC side that is generated by a reversal of the pole of the solar generator during the change between the negative and the positive halves of the voltage (grid). In the case where the AC voltage seen at the solar generator connections is more than one capacitance, the result is capacitive discharge currents. The discharge current magnitude is dependent on the capacitances size and the voltage harmonic content. In a PV plant, capacitances mostly occur through the generator (solar) ground capacitance, this is through Y the inverter condensers, or through the contact capacitance between the surface and the ground and the insulated module. For the case of transformer-less inverters there exists a borderline capacitance of 1400 nano farads past which one it is regarded as fault-prone operation.
The capacitive discharge current is a reactive current, so when there is fault, such as a defect in the insulation resistance, another current will flows, known as a residual current. The total of the two currents is known as the differential current.
If the residual current is greater than 30 mA, it can cause a serious injury to the people. So to ensure personal safety, in addition to the insulation, electrical devices should be installed and disconnected from the grid when the residual current is greater than 30 mA according to DIN VDE 0126-1-1.
Discharge currents of above 50 mA are very dangerous and must be avoided to ensure the safety for people. This current is directly dependent on the capacitance of the PV module.
For transformerless inverters the capacitance value can be calculated from the following equation [11] :
Where I=50mA ,f =50 Hz ,U=115V (half g grid voltage).
From the equivalent circuit of the insulation circuit, the leakage current can be calculated by using the following equation. Leakage current in PV generator is crucial for people safety. So the leakage current vary from µA to mA under normal operating conditions, and increasing when the normal operation conditions changed such as faulty conditions or changes in the metrological variables (high humidity, temperature, rainy day, wind speed and atmosphere pressure ). 
rotection ircuit P C
According to this study of the PV system for large scale of 500KW and more, a high leakage current has been detected and analysed. Then, some actions can be applied to the PV system to fix the problem of the leakage current by connecting of the PV array to the grounding systems by means of potentiometer.
For protection potentiometer design we will use the following eqautions: Figure 11 . shows the simulation result of the proposed protection circuit which can stabilize the leakage current caused from the PV arrays and make it within the allowed ranges.
Conclusion
Most significant meteorological variables do affect insulation resistance and leakage capacitance leading to affecting the leakage current. The results indicate that those meteorological variables with the greatest impact are relative humidity and module temperature. Humidity has profound effect on generator grounding and ways to minimize its effects go to great lengths in improving the safety levels in both earthed and floating PVGS. Temperature on the other hand greatly affects the insulation resistance and a way around it help to avoid the problem of the PV plant from rejecting connection to the power grid. There is also the need for compatibility between the lowest PVG insulation and the given set point of the protective device that can guarantee operation against shock. In addition, this research has proposed an effective circuit that can be used in the designing of the protective device for PV generator system.
